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Abnormalities of the smooth pursuit eve movements of adults with schizophrenia have been
well described. We examined smooth pursuit eye movements in schizophrenic children,
contrasting them with normal and attention-deficit hyperactivity disorder (ADHD) subjects, to
determine whether there is continuity of eye movement dysfunction between childhood- and
adult-onset forms of schizophrenia. Seventeen schizophrenic children with onset of illness by
age 12, 18 ADHD children, and 22 normal children were studied while engaged in a smooth
pursuit eye tracking task. Eve tracking variables were compared across the three groups.
Schizophrenic children exhibited significantly greater smooth pursuit impairments than either
normal or ADHD subjects. Within the schizophrenic group, there were no significant
relationships between eye tracking variables and clinical variables, or ventricular/brain ratio.
Childhood-onset schizophrenia is associated with a similar pattern of smooth pursuit

abnormalities to that seen in later-onset schizophrenia.
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Introduction

Since the original observation by Diefendorf and Dodge
(1908) of abnormal pursuit eye movements in patients
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with dementia praecox, this phenomenon has been exam-
ined in numerous studies (Abel et al 1992; Clementz and
Sweeney 1990; Levy et al 1993). Focusing almost exclu-
sively upon adult populations, investigators have demon-
strated that gain, defined as the ratio of eye velocity to
target velocity during smooth pursuit, is reduced in schizo-
phrenics (Abel et al 1991; Friedman et al 1995; Levin et al
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1988; Moser et al 1990; Radant and Hommer 1992;
Sweeney et al 1992). In addition, the frequency of sac-
cades during smooth pursuit is increased (Cegalis et al
1983; Friedman et al 1995; Moser et al 1990; Radant and
Hommer 1992; Sweeney et al 1992) and the amount of
time spent tracking the target is decreased in schizophrenia
(Friedman et al 1995; Cegalis and Sweeney 1979).

More specifically, the frequency of catch-up saccades,
which reposition gaze on the target when it falls behind, is
increased in schizophrenics relative to controls (Friedman
et al 1995; Moser et al 1990; Radant and Hommer 1992).
Rates of intrusive saccades, such as anticipatory saccades,
which increase the mismatch between eye position and
target position, are often higher in schizophrenics relative
to normals (Friedman et al 1992a; Litman et al 1994;
Sweeney et al 1992), although this difference has not
always reach significance (Grove et al 1991; Radant and
Hommer 1992; Sweeney et al 1992, 1993).

The relationship between abnormal smooth pursuit and
negative symptoms of schizophrenia has been inconsistent
(Ciuffreda et al 1994; Katsanis and Iacono 1991; Sweeney
et al 1992; Kelly et al 1990), and little evidence supports
a relationship between acute symptom severity and
smooth pursuit abnormalities (Sweeney et al 1992; So-
lomon et al 1987); however, abnormal neurologic signs
have been found to be positively correlated with eye
tracking dysfunction in adult patients (Siever and Coursey
1985; Schlenker et al 1994).

Although studies of adult schizophrenics on and off
antipsychotic medication indicate that typical neuroleptics
neither cause nor ameliorate smooth pursuit abnormalities
(Litman et al 1989, 1994; Levy et al 1983; Spohn et al
1988; Sweeney et al 1994b), the atypical antipsychotic,
clozapine, adversely affects smooth pursuit, both in terms
of gain (Litman et al 1994) and in terms of catch-up
saccades (Friedman et al 1992b; Litman et al 1994).

Studies of the relationship between brain morphology
and eye tracking in adult schizophrenics have produced
conflicting results, with some reports of a positive rela-
tionship between abnormal smooth pursuit and lateral
ventricular enlargement (Weinberger and Wyatt 1982;
Bartfai et al 1985), others of no significant relationship
(Katsanis and Iacono 1991; Siever et al 1986; Katsanis et
al 1991), and still others of a significant inverse relation-
ship between eye tracking dysfunction and ventricular/
brain ratio, measured by computerized tomography (CT)
scan (Smeraldi et al 1987), and medial temporal lobe
morphology, assessed with magnetic resonance imaging
(MRI) (Levy et al 1992).

Most studies of eye tracking in schizophrenia have
involved adult patients whose age at the onset of psychotic
symptoms was typical, usually late adolescence or early
adulthood. An ongoing study of 12 ambulatory adolescent
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schizophrenics and 12 adolescent controls, age 11-18
years, reported significantly greater catch-up saccade am-
plitude and a trend for lower gain in the schizophrenics
(Friedman et al 1993). To the best of our knowledge, there
have been no other published reports on the smooth
pursuit eye movements of schizophrenic patients below
the age of 18, and none on the eye movements of
schizophrenics whose psychotic symptoms began in child-
hood.

In the present study, eye tracking was quantitatively
analyzed in children, age 10-18, with childhood-onset
schizophrenia and contrasted with that of age-matched
normal children and children with attention-deficit hyper-
activity disorder (ADHD). Smooth pursuit undergoes de-
velopmental changes up to the age of 14 (Ross et al 1993),
highlighting the importance of age-matched controls in
studies of eye tracking in children. In addition to deter-
mining whether continuity exists between child- and
adult-onset forms of schizophrenia in terms of type and
specificity of eye tracking abnormalities and clinical and
neurobiological correlates, we sought to determine
whether our sample of young schizophrenics would dem-
onstrate a more severe pattern of eye tracking abnormal-
ities than that seen in adult schizophrenics, commensurate
with the greater premorbid impairment, earlier onset, and
more malignant course of their illness (Alaghband-Rad et
al 1995; Gordon et al 1994). Limited analysis of data from
a subset of these subjects has been presented elsewhere
(Gordon et al 1994).

Methods
Subject

SCHIZOPHRENIC GROUP. Schizophrenic subjects were
participants in an ongoing study of children and adoles-
cents with childhood-onset schizophrenia, which has been
described in detail previously (Frazier et al 1994; Gordon
et al 1994). Briefly, the sample consisted of 17 subjects
(10 boys, 7 girls), age 10-18 (mean 14.5 * 1.8), who met
DSM-III-R (American Psychiatric Association 1987) cri-
teria for schizophrenia, with onset of psychotic symptoms
by age 12 (mean 10.1 = 1.8). As this study involves a trial
of clozapine for all participants, a history of poor response
to, and/or inability to tolerate, treatment with at least two
different neuroleptics was required. In fact, all study
participants have been unresponsive to typical neurolep-
tics. Other inclusion criteria were absence of active med-
ical or neurologic disease and premorbid full-scale IQ
greater than 70. Diagnosis was determined using previous
records and clinical and structured interviews of the
children and parents using portions of the Schedule for
Affective Disorders and Schizophrenia for School-Age



1146 BIOL PSYCHIATRY
1996;40:1144-1154

Children—Epidemiologic Version (Orvaschell et al 1980)
and of the Diagnostic Interview for Children and Adoles-
cents—Revised (DICA-R) (Reich and Welner 1988).

Twelve schizophrenic subjects were able to perform the
eye tracking task at the end of a 4-week medication
washout phase, 4 subjects at the end of 6-weeks of
treatment with haloperidol, and 12 subjects at the end of 6
weeks of treatment with clozapine.

ADHD CONTROL GROUP. Subjects with ADHD in-
cluded 17 boys and 1 girl, age 9-15 (mean 12.6 * 2.5),
who were participating in a 9-week, double-blind, place-
bo-controlled trial of methylphenidate and dextroamphet-
amine described elsewhere (Elia et al 1991). All were
screened for medical and neurologic disease, and all met
DSM-III-R criteria for ADHD, determined via structured
interviews with parent and child using the DICA-P and the
DICA-C (Herjanic and Campbell 1977), and via the
inclusion criteria of a score at least two standard devia-
tions above age norms on the hyperactivity factor of the
revised Conners Teacher Rating Scale (Werry et al 1975;
Goyette et al 1978). ADHD subjects had been medication
free a minimum of 3 days at the time eye tracking studies
were performed.

NORMAL CONTROL GROUP. Twenty-two normal chil-
dren and adolescents (16 boys, 6 girls), age 9-18 (mean
13.5 £ 2.2), were recruited through advertisements and
were free of medical, neurologic, and psychiatric illness
and learning disabilities as determined by history from
parents, the Conners Preliminary Parent Report and the
Achenbach Child Behavior Checklist (Achenbach and
Edelbrock 1983) completed by parents, Conners Teacher
Preliminary School Report and Conners Teacher Ques-
tionnaire (Goyette et al 1978; Werry et al 1975), physical
and neurologic exam of the child, and structured interview
of child and parent using the DICA-R. Any history of
psychiatric illness in a first-degree relative, per parent
report, was exclusionary.

Parents of all subjects provided written informed con-
sent and subjects provided written assent for participation
in the study. This study was approved by the National
Institute of Mental Health (NIMH) Institutional Review
Board.

Behavioral, Cognitive, and Neurologic Assessments

Brief psychiatric rating scale (BPRS) (Overall and
Gorham, 1962), Scale for the Assessment of Negative
Symptoms (SANS) (Andreasen 1983), Scale for the As-
sessment of Positive Symptoms (SAPS) (Andreasen
1984), and Abnormal Involuntary Movement Scale
(AIMS) (Rapoport et al 1985) scores were obtained on
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Table 1. Age, Gender, Mean Full-Scale IQ, and Medication
Status of Schizophrenic, ADHD, and Normal Subjects

Schizophrenic ADHD Normal

N 17 18 22
Age (years)”

Range 10-18 9-15 9-18

Mean 145 12.6 13.5

SD 1.8 2.5 22
1Q

Range 69-118 86-142 80-149

Mean 84.7 110.6 116.0

SD 16.8 16.6 17.9
Gender

Female 7 1 6

Male 10 17 16
Medication at testing

Clozapine 9 0 0

Haloperidol 2 0 0

None 8 18 22

SD = standard deviation.

“ADHD subjects were significantly younger than schizophrenics (p < .05).

b1Q of 12 schizophrenics, 18 ADHD, and 22 normal subjects; schizophrenics
had a significantly lower mean 1Q than ADHD and normal subjects (p << .0001).

schizophrenic subjects as described previously (Frazier et
al 1994), and the scores in closest temporal proximity to
the dates on which eye tracking studies were performed
(usually the week of testing) were used in this analysis. A
detailed neurologic examination following a standardized
format, which included assessment of mental status, cra-
nial nerves, sensation, motor signs, muscle tendon re-
flexes, Babinski’s signs, abnormal involuntary move-
ments, coordination, gait, and primitive reflexes, was
performed by a board-certified neurologist on 15 of the
schizophrenic subjects near the end of the washout phase.
The neurologist was not blind to diagnosis and scored
neurologic signs as absent, present, or untestable.

Five schizophrenic subjects were too symptomatic dur-
ing the course of this study to permit valid assessment of
intelligence. With the remaining 12 subjects, IQ was
measured using the Wechsler Intelligence Scale for Chil-
dren—Revised (WISC-R) (Wechsler 1974). The 1Q of
ADHD subjects was obtained from the full WISC-R,
whereas the 1Q of the normal subjects was estimated using
the vocabulary and block design subtests (Sattler 1992).
Table 1 presents the age, gender, mean full-scale 1Q, and
medication status for the three groups.

Measurement of Ventricular/Brain Ratio (VBR)

All subjects were scanned on a GE 1.5 Tesla Signa
magnetic resonance scanner. Three-dimensional spoiled
grass recalled echo sequence in the steady state (echo-time
= 5 msec, recovery time = 24 msec, flip angle = 45°,
acquisition matrix = 192 X 256, number of excitations =
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1, field of view = 24 cm?®) was used to acquire contiguous
1.5 mm thick sagittal and axial slices and 2.0 mm thick
coronal slices.

After orientation was standardized, total cerebral vol-
ume was derived from an image analysis technique using
active surface templates and an energy minimization
function. This technique has been validated by comparison
to postmortem specimens, and further details are described
elsewhere (Snell et al, in press). Lateral ventricular vol-
umes were measured in the coronal plane using an
operator-supervised thresholding technique available in an
image analysis program developed at the National Insti-
tutes of Health (Rasband 1993). Because this process
required little subjective judgment, interrater reliability
was extremely high (interclass correlation coefficient >
.99). VBR was calculated by dividing lateral ventricular
volume by total cerebral volume.

Eye Movement Procedure

After being seated 43 cm in front of a video monitor on
which a bright square target subtending less than 0.25° of
visual angle was displayed against a black background,
subjects’ heads were stabilized with a bite bar and a
headrest. The room was darkened during eye movement
tasks. The horizontal eye movements of 39 subjects (10
schizophrenics, 11 ADHD, 18 normals) were recorded
using an infrared photoelectric limbus detection eye track-
ing device [Eye-trac model 210, Applied Sciences Labo-
ratories (ASL), Waltham, MA)], which is accurate to
within 0.25° of visual angel, and has a time constant of 4
msec and a bandwidth of 250 Hz. The analog output was
sampled at 1000 Hz using a 12-bit analog-to-digital
converter. Data on this system were collected from the eye
on which the most rapid and accurate calibration could be
obtained. Eighteen subjects (7 schizophrenics, 7 ADHD
subjects, 4 normals) were studied using the Ober2 infrared
orbital scanning system. Because this system uses ex-
tremely brief pulses of infrared light (pulse rate 600 Hz),
and collects data over a few microseconds, it has a time
constant of well under 1 msec and a bandwidth of over
1000 Hz.

Eye Movement Task

For the present study, all subjects performed a 60-sec
smooth pursuit task at least once. This task began with a
series of five consecutive fixation points, each separated
from the preceding fixation point by 7.5°, for calibration,
after which the target moved horizontally back and forth
over 30° for 5 cycles with a constant velocity of 11.0°/sec
and a 1.4-sec fixation period between ramps (a “trapezoi-
dal” pattern). Prior to the task subjects were urged to keep
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their eyes on the target and to follow it as closely as
possible during the entire task.

Evye Movement Analysis

Data obtained from the ASL and Ober2 systems were
analyzed identically, using the same software. Following
data collection, superimposed tracings of eye and target
movement were displayed on a computer screen. When
subjects performed the smooth pursuit task more than
once, the record containing the least amount of eye-blink
artifact and the greatest proportion of time engaged in
smooth pursuit was selected for analysis. Sections of the
records during which subjects were not attempting to track
the target (i.e., were not looking at the screen) were
identified by visual inspection and were excluded from all
analyses.

Eye movement data were analyzed with a computerized
pattern recognition system that has been described else-
where (Nickoloff et al 1991; Radant and Hommer 1992).
Briefly, raw data consisted of eye position and target
position for each millisecond of recorded tracking. Eye
movements were divided into segments, which were
classified as saccade, smooth pursuit, or artifact. Saccades
were identified on the basis of peak velocity (greater than
25°/sec), initial acceleration (greater than 1500°/sec?), and
minimum duration (greater than 8 msec). Artifact caused
by blinking exhibits a distinct morphology and was re-
moved from the analysis by the pattern recognition soft-
ware. Segments not meeting velocity or acceleration
criteria for saccade or artifact were classified as smooth
pursuit or fixation.

Smooth Pursuit

Because the initiation and cessation of smooth pursuit are
physiologically different from its maintenance (Morris and
Lisberger 1987; Lisberger and Pavelko 1989), the 250
msec at the beginning and end of each ramp were not
analyzed. Smooth pursuit gain was calculated by summing
the amplitude of all smooth pursuit intervals and dividing
this value by the total amplitude traveled by the target
during all smooth pursuit intervals. Because amplitude is
the product of velocity and time, and time in the numerator
and denominator of this equation is identical, this equation
is mathematically equivalent to the ratio of eye velocity to
target velocity. Root-mean-square error (RMSE) was cal-
culated by squaring the difference between eye position
and target position for all intervals of nonartifactual
pursuit tracking, and then obtaining the average of the
square root of these numbers (Iacono and Lykken 1979).
The percentage of total task time that subjects were
engaged in tracking the target was obtained by summing
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all intervals of nonartifactual pursuit tracking (including
both saccades and smooth pursuit), dividing by total length
of the task, and multiplying by 100.

Saccade Classification

Saccades in the direction opposite target motion were
classified as back-up saccades. Saccades in the direction of
target motion that decreased position error were classified
as catch-up saccades, while saccades in the direction of
target motion that increased positton error, had an ampli-
tude of at least 4°, and were followed by at least 250 msec
of pursuit with a gain of 0.6 or less were classified as
anticipatory saccades. Square wave jerks were defined as
paired saccades of approximately the same amplitude
(minimum of 0.5°), with an intersaccadic interval of
pursuit lasting 100—450 msec with gain of at least 0.6.

All saccade subtypes were classified by the pattern
recognition software, with the exception of anticipatory
saccades, which were classified by visual inspection by a
rater blind to subject diagnosis (LKJ). Saccade frequency
was calculated by dividing the number of each saccade
subtype occurring while subjects were engaged in tracking
the target by the length of time they were engaged in
tracking the target.

Data Analysis

Given that within the schizophrenic and ADHD groups, all
of the eye tracking variables were normally distributed
and, within the normal group, §2% of the variables were
normally distributed, data were analyzed using the follow-
ing parametric tests: two-tailed ¢ tests for independent
samples, Pearson’s correlation coefficient, analysis of
variance (ANOVA), and repeated measures analysis of
covariance (ANCOVA), covarying for age. Age was used
as the covariate because smooth pursuit of normal children
improves with age in a linearly fashion up to age 14 (Ross
et al 1993), the possibility that maturation of smooth
pursuit may be different (e.g., delayed) in psychiatric
populations, and our observation that age was significantly
positively correlated with gain and percentage of task time
subjects were engaged in tracking the target and nega-
tively correlated with the frequency and amplitude of
several saccade subtypes across the groups. In contrast, IQ
was significantly correlated with the frequency of only one
saccade subtype in one group (back-up saccades in nor-
mals). Thus, correcting for group differences in IQ by
using IQ as a covariate could not be justified.

Bonferroni post hoc ¢ tests were used to determine
whether significant differences existed between groups.
Partial correlation coefficients, controlling for age, were
calculated between significant eye tracking variables
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(gain, RMSE, and average angular distance covered per
second by anticipatory saccades), total neurologic exami-
nation score, and VBR.

Results

All subjects completed the task. 7 tests with Bonferroni
correction for multiple comparisons revealed no signifi-
cant differences across eye movement variables between
subjects studied with the ASL system and subjects studied
using the Ober2 system. Paired ¢ tests using data from 6
subjects (4 normal and 2 schizophrenic) studied on both
systems also revealed no significant differences between
the two systems across eye movement variables. Thus,
data from the two systems were combined.

Given the small number of schizophrenic subjects tested
in the two medication conditions, comparison of eye
tracking performance across medication conditions was
not possible. Thus, for each of the 17 schizophrenics, the
eye tracking record yielding the highest average gain was
selected for statistical analysis. This criterion lead to the
selection of eight records obtained while subjects were
medication free, and nine records obtained while subjects
were on medication.

The three groups differed significantly in age [ANOVA,
F(2,54) = 3.41, p < .05], with post hoc tests indicating
that ADHD subjects were significantly younger than
schizophrenic, but not normal, subjects. Normal subjects
did not differ in age from schizophrenics. IQ was also
found to be significantly different across the three groups
[ANOVA, F(2,49) = 13.54, p < .0001], and post hoc tests
indicated that the schizophrenic group had a significantly
lower IQ than both ADHD and normal groups, who did
not differ from one another.

Eye Tracking Performance

Table 2 displays measures of pursuit tracking in the three
groups along with results of repeated measures analysis of
covariance, using age as the covariate. The main effect of
gain was significant, with the gain of schizophrenics being
lower than that of normals. The gain of ADHD subjects
did not significantly differ from that of normals or from
that of schizophrenics. RMSE was significantly different
across the three groups, and post hoc tests revealed that
schizophrenics had higher RMSE than subjects with
ADHD, who had higher RMSE than normals but lower
RMSE than schizophrenics. The main effect of the per-
centage of total task time that subjects were engaged in
tracking the target was also highly significant. Post hoc
tests indicated that schizophrenics spent significantly less
time tracking the target than both ADHD and normal
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Table 2. Pursuit Tracking Performance of Schizophrenic, ADHD, and Normal Subjects
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Schizophrenic ADHD Normal
Measure N=17) (N =18) (N =22) F*df = 2,53) p Post hoc test
Gain 0.78 (0.13) 0.84 (0.12) 0.86 (0.10) 4.54 p < .05 S<N=A
RMSE (degrees) 473 (1.98) 2.88 (1.70) 1.68 (0.89) 24.67° p<.0001 S>A>N
Percent time tracking® 735 (19.1) 90.8 (10.9) 98.1 (5.5) 22.12 p<.000l S<A=N
Mean saccade frequency (per second)
Catch-up 0.86 (0.44) 0.70 (0.36) 0.64 (0.26) 2.45 ns
Anticipatory 0.23 (0.21) 0.10 (0.08) 0.05 (0.08) 15.55 p<.000l S>A=N
Back-up 0.44 (0.35) 025 (0.20) 0.17 (0.12) 7.22 p < .01 S>A=N
Square wave jerks 0.21 0.22) 0.28 (0.28) 0.27 (0.26) 0.61 ns
Frequency-mean saccadic amplitude product? (degrees per second)
Catch-up 2.51 (1.75) 1.69 (1.56) 1.17(0.74) 5.84 p < .01 S>N=A
Anticipatory 228 (2.00) 0.67 (0.51) 0.28 (0.48) 22.73 p<<.000f S>A=N
Back-up 2.48 (2.28) 0.62 (0.85) 0.22 (0.26) 15.78 p<.0001l S>A=N

Standard deviations in parentheses. RMSE = root mean square error; § = schizophrenic; A = ADHD; N = normal; ns = not significant.

“Repeated measures ANCOVA, covarying for age, df = 2, 53.
*ANCOVA, covarying for age, df = 2, 53.

“Percentage of total task time subjects were engaged in tracking the target.
“Average distance covered per second by saccade subtype.

subjects, who did not differ from one another on this
measure.

Subtypes of saccades were examined both in terms of
their frequency and in terms of the frequency-mean
saccadic amplitude product, or average angular distance
covered per second by each saccade subtype. This latter
measure, which reflects the contribution of different sac-
cade subtypes to tracking, was not applied to square wave
jerks because the amplitude of these paired, oppositely
directed saccades tends to cancel itself out in the compu-
tation. Significant main effects of the frequency of antic-
ipatory saccades and back-up saccades were noted, with
post hoc tests indicating that the schizophrenic group had
higher rates of both anticipatory and back-up saccades
than the ADHD and the normal groups, who did not differ
from one another. Although schizophrenics also exhibited
a higher frequency of catch-up saccades relative to the
control groups, this difference did not achieve signifi-
cance.

Significant main effects of the frequency-mean saccadic
amplitude product of catch-up, anticipatory, and back-up
saccades were also observed. On average, schizophrenics
covered more distance per second with anticipatory and
back-up saccades than either ADHD or normals subjects,
who did not differ from one another on this measure for
any saccade subtype. Although schizophrenics covered
more distance per second with catch-up saccades than
normals subjects, they did not differ from ADHD subjects.

To examine whether our sample of schizophrenics
exhibits a more severe pattern of eye movement abnor-
malities than that seen in later-onset schizophrenia, Z
scores were derived from studies of adult schizophrenic
and normal subjects in which means and standard devia-
tions were reported for gain, RMSE, frequency of catch-up

and anticipatory saccades, and amplitude of catch-up and
anticipatory saccades. Neither of the two adult studies
examining percentage of time engaged in tracking the
target reported means and standard deviations (Friedman
et al 1992b, 1995). Z scores were computed by dividing
the difference between schizophrenic and normal means
on a given measure by the standard error of the mean
difference. Z scores derived from studies of later-onset
schizophrenics and from the present study are shown in
Table 3.

Differences between averaged Z scores for each eye
tracking variable gleaned from the adult studies and Z
scores derived from the analogous variables in the present
study were evaluated by dividing them by the square root
of 2 (the sum of the variances) and comparing the resulting
Z score to a standard normal distribution table for two-
tailed p values. These resulting Z scores, reflecting the
differences between effect sizes observed in childhood-
onset and later-onset schizophrenia, and their associated p
values, are also displayed in Table 3. The difference in
effect size approached significance for the frequency-
mean amplitude product of anticipatory saccades (Z =
1.89, p = .06), with the effect size being greater in
childhood-onset schizophrenia. Effect sizes for the other
eye tracking variables examined did not differ signifi-
cantly between childhood- and later-onset schizophrenics.

Relationship between Eye Tracking, Clinical and
Neurologic Measures, and VBR in Schizophrenics

Correlations performed between BPRS, AIMS, SANS,
and SAPS scores and eye tracking variables, which in-
cluded gain, RMSE, percentage of time engaged in track-
ing the target, frequency, and frequency-mean saccadic
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Table 3. Z Scores Comparing Normal and Schizophrenic Subjects across Eye Tracking
Variables from Multiple Studies of Later-Onset and Present Study of Childhood-Onset

Schizophrenia

Later-onset schizophrenia
(multiple studies)

Childhood-onset
schizophrenia
(present study) Difference

Eye tracking variable (Z scores) (Z score) (Z score®) p®
Gain
Range 1.60-7.25 —
Mean 3.79¢detah 2.16 -1.15 0.25
RMSE
Range 2.12-9.41 —
Mean 569" 6.49 0.57 0.57
Mean anticipatory saccade frequency
Range 0.00-2.79 —
Mean 1.46deleh 3.60 .51 0.13
Frequency-mean saccadic amplitude product
Catch-up
Range —-4.00-11.97 —
Mean 2.10%8* 327 083 041
Anticipatory
Range 1.18-2.56 —
Mean 1.87¢" 4.54 1.89  0.06

RMSE = root mean square error.

°Z score for difference between childhood- and later-onset schizophrenia.
PTwo-tailed p values for difference between childhood- and later-onset schizophrenia.

‘Radant and Hommer 1992.

“Sweeney et al 1992.

“Litman et al 1994.

fGrove et al 1991.

#Clementz and McDowell 1994.
“Radant and Hommer unpublished data.
‘Sweeney et al 1993.

’Gooding et al 1994.

“Abel et al 1991.

amplitude products of all saccade subtypes, ranged from r
= 0.31 (SAPS and frequency-mean saccadic amplitude
product of backup saccades) to r = 0.003 (BPRS and
frequency of anticipatory saccades), with no correlation
reaching significance. Partial correlations, controlling for
age, between eye tracking variables and the number of
neurologic signs revealed only a trend toward gain being
negatively correlated with the sum of motor signs (tone,
strength, reflexes, Babinski’s signs, abnormal involuntary
movements, coordination, gait; n = 14, r = 0.57, p = .05).
Partial correlations between eye tracking variables and
VBR ranged between r = 0.04 (n = 15, with gain) and r
= —0.28 (n = 15, with frequency-mean saccadic ampli-
tude product of anticipatory saccades), and were not
significant.

Discussion

Eye Tracking Performance

Children and adolescents with very early-onset schizo-
phrenia exhibited significantly greater smooth pursuit
impairments than either normal children or children with

ADHD. The finding of lower gain in schizophrenics
relative to normal controls replicates numerous studies of
later-onset schizophrenics (Levy et al 1993).

The finding that schizophrenic children spend signifi-
cantly less total task time engaged in tracking the target
than do normal children replicates and extends similar
observations in adult schizophrenics (Friedman et al
1992b, 1995; Cegalis and Sweeney 1979), as does the
observation of higher RMSE in schizophrenics relative to
normals (Clementz et al 1990; Grove et al 1991; lacono et
al 1992; Ross et al 1988; Sweeney et al 1993). Similarly,
the higher rate of anticipatory saccades in schizophrenics
compared to normals replicates like findings in adult
schizophrenics (Friedman et al 1992a; Litman et al 1994;
Sweeney et al 1992). The elevated frequency-mean sac-
cadic amplitude product of catch-up and anticipatory
saccades also is consistent with observations in the adult
literature (Litman et al 1994).

The frequency of back-up saccades is strongly corre-
lated with the frequency of anticipatory saccades in all
groups, as back-up saccades are usually preceded by
anticipatory saccades and reflect subjects’ attempts to
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Figure 1. (A) Eye tracking record from a 15-year-old medication-free subject with childhood-onset schizophrenia. Top = 16 sec
segment. Bottom = enlargement of the first descending ramp. (B) Eye tracking record from a 10-year-old subject with ADHD.
Top = 16-sec segment. Bottom = enlargement of the first descending ramp. (C) Eye tracking record from a 15-year-old normal subject.
Top = 16-sec segment. Bottom = enlargement of the first descending ramp. AS = anticipatory saccade; BS = back-up saccade;

BL = blink artifact.

refoveate the target. Thus, the increased frequency and
frequency-mean saccadic amplitude product of back-up
saccades in schizophrenics is likely secondary to the
elevated frequency and frequency-mean saccadic ampli-
tude product of anticipatory saccades in this group.

The similarities between the pattern of eye movement
abnormalities observed in this sample and those reported
in adult schizophrenics indicate continuity between very
carly- and later-onset forms of this disease. The finding of
a trend toward a greater deviation from normals in
frequency-mean saccadic amplitude product of anticipa-
tory saccades in childhood-onset schizophrenics relative to
that observed in adult schizophrenics is noteworthy. Al-
though this observation must be interpreted with caution,
given differences in the conditions under which data were
collected in the different studies, it may mean that child-
hood-onset schizophrenia is associated with greater disin-
hibition of large, inappropriate, anticipatory saccades rel-
ative to that which occurs in adult-onset schizophrenia.
Although this difference could represent an enduring
greater deficit in childhood-onset schizophrenics relative
to later-onset schizophrenics, this difference could also
result from a developmental delay in the childhood-onset
group that may improve with time. This finding may be of
particular interest given recent observations of increased
rates of anticipatory saccades in a sample of children at

high risk of developing schizophrenia due to their having
at least one parent with the disorder (Rosenberg et al 1995).

Phenomenologically, this means that the smooth pursuit
of childhood-onset schizophrenics is characterized by low
gain with frequent interruptions by large saccades in the
direction of target motion, which move their gaze ahead of
the target until a back-up saccade occurs. This pattern of
smooth pursuit dysfunction cannot be attributed solely to
inattention on the part of the schizophrenic group. Atten-
tion-enhancing maneuvers improve multiple dimensions
of smooth pursuit, including catch-up saccade amplitude,
anticipatory saccade frequency, and RMSE, in normals
and schizophrenics alike, without abolishing the differ-
ences between them (Shagass et al 1976; Sweeney et al
1994a; Schlenker et al 1994). An example of this pattern
of smooth pursuit in a schizophrenic patient is shown in
Figure 1A. For comparison, sections of typical eye track-
ing records from ADHD and normal subjects are displayed
in Figures 1B and 1C, respectively.

Eye Tracking, Clinical Variables, Neurologic
Status, and VBR

The absence of a significant relationship between clinical
and eye tracking variables in schizophrenic children is
consistent with what investigators have found in adult
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schizophrenics (Kelly et al 1990; Sweeney et al 1992).
Given the small sample size in this study, however, there
may not have been adequate statistical power to detect a
relationship among these variables. The lack of even a
trend toward significance in the relationship between total
AIMS score and any of the eye tracking variables, includ-
ing frequency and frequency-mean amplitude product of
anticipatory saccades, suggests that the disinhibition of
anticipatory saccades seen in this sample of schizophrenic
children is not related to abnormal involuntary move-
ments, which have been associated with increased fre-
quency of intrusive saccades in adult samples (Oepen et al
1990; Spohn et al 1988).

The trend toward a negative correlation between gain
and the sum of motor signs on neurologic examination and
the absence of significant correlations between eye track-
ing variables and VBR in schizophrenic children also are
consistent with observations in later onset schizophrenia
(Siever and Coursey 1985; Katsanis and Iacono 1991;
Siever et al 1986; Katsanis et al 1991; Schlenker et al
1994; Schlenker and Cohen 1995).

Specificity of Eye Tracking Abnormalities in
Children

Notably, differences between ADHD and normal subjects’
eye tracking performance achieved significance only on
the global measure, RMSE. On eye tracking variables
where schizophrenics were significantly deficient relative
to normals, ADHD subjects performed significantly better
than schizophrenics, with the exception of gain and the
frequency-mean amplitude product of catch-up saccades.
This suggests that, in children, a pattern of abnormalities
involving multiple dimensions of smooth pursuit may be
specific to schizophrenia. Children with ADHD have been
found to fail to inhibit inappropriate saccades during an
oculomotor delayed response task (Ross et al 1994),
suggesting that more demanding paradigms than the
smooth pursuit task used in the present study are required
to elicit deficient saccadic inhibition in ADHD.
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